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В статье обсуждается метод извлечения золота из растворов, основанный на применении 
дигидротиоктовой кислоты в качестве диспергирующего реагента. Рассмотрены возможные 
варианты использования дигидротиоктовой кислоты. Определены оптимальные условия 
ведения процесса.
Ключевые слова: наночастицы, золото, функционализация коллоида, тонковкрапленные руды, 
руды с упорным золотом, магнитная сепарация, магнитный коллоид.
Introduction
Extraction hydrometallurgical methods of nonferrous and noble metals from secondary raw 
and technogenic oresare becoming more widespread with the decline of resource quality. Currently, 
great attention has been the technology to effectively extract metal ions from industrial solutions 
and create circular water systems, preventing detrimental effects on the environment. Extraction of 
nonferrous and noble metals from processingmedium is essential whether protection the environment 
ormetals value [1, 2]. Consequently, investigations on recycling processing medium and extracted 
components utilization are actual scientific and practical problem.
Hydrometallurgy is the most widely used in the gold extraction.
Gold mining requires large areas and great many of hazardous chemical.Cyanidationis the most 
extended method of gold recovery by changing over to the solution liquid phase, known as MacArthur-
Forrest process [3].
At present, there are two methods of gold cyanidationin mining: heap leaching and tankleaching 
wherehead ore is mixed in theleaching seti. etank containing cyanides.
It’s quite time-consuming to output gold by cyanidation method. The entire ore technological 
processincludes such operations as filtration, sedimentation and decantation. Improper technology use 
leads to unprofitability, it means that the gold cyanidation should be used in large production scale, for 
example, in the USA and Russia.
Gold recovery by cyanidation is limited to mineral composition of ores. The method is not 
applicable if the ore contains large number of arsenides and sulphides, as cyanides react with these 
substances. Mined gold contains various impurities, so before the cyanide leachingthe ore is subjected 
to special high purity processes, which are performed at refineries.
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They use extraction, adsorption and ion exchange for the extraction of metals from the productive 
and circulating hydrometallurgical solutions. So, metal adsorption to activated carbon is the most 
frequently used to the gold recovery from cyanide solutions. Sorption is carried out in dynamic 
conditions, flowing gold-bearing solution consistently through 3-4 vertical columns filled with 
granular active coal and grains size are about 1 mm. The coal is intermittently loaded from column 
to column toward the movement of the solution. From the first column (by the solution direction) 
saturated precious metals coal is discharged and the regenerated sorbent is loaded to the last column. 
Rich coal containing 2-5 kg/t of gold, is the regeneration [4]. Also the metal sorption isused onto 
ion exchange resin. The advantages of ion exchange resinsin comparison with the activated carbon 
are: a higher degree of the resins saturation up to 20-30 kg/ton, compared with 3-5 kg/ton for coal; a 
significant rate of reaction and gold recovery from solution, as a result is reduction of the process 3-5 
times also decrease of the sorbent weight and volume of the sorbent equipment; the higher recovery 
rate from pregnant solutions (the residual contents in solutions of 0.01-0.03 mg/l for resins compared 
to 0.1 mg/l for coal) [5].
Along with these classical methods there areother ways of extracting gold from reusable solutions 
that are based on ideas and approaches from the rapidly developing field of science – nanotechnology.
 The nanotechnology development leads to becoming of a variety of materials that contain 
nanoscale particles. Nanostructured magnetic materials can be divided into nanoheterostructure, 
nanoparticles and magnetic quantum dots [6]. In the modern world industrial production of various 
nanoparticles is about of hundreds of thousands of tons. Being in the nanoscale state, many substances 
acquire new properties and become biologically very active [7]. This opens up new opportunities for 
the use of nanomaterials in biomedicine, pharmacology, food production, and in environmental and 
agricultural industry, in the steel industry [8-10]. The most well-known nanoparticles are particles of 
carbon (nanotubes, fullerenes, graphene), silica nanoparticles, gold, silver as well as titanium dioxide 
and zinc oxide [11-13]. 
The modern trend towards miniaturization has shown if you take a very small particle of this 
substance the substance may have completely new properties. Particle sizes from 1 to 100 nanometers 
are called nanoparticles.
Among the most promising magnetic materials should emphasize the nanostructured composites 
in form of layers and colloidal particles, which are synthesized by chemical methods. Such materials 
can be used in electronics and biomedicine as electromagnetic energy absorbers, contrast agents for 
magnetic resonance tomography and medicaments for hyperthemictherapy [14].
Currently, nanoparticles are the basis of many new technological processes, including those based 
on using the adsorption phenomenon, which can be conveniently adjusted by changing the composition 
of active groups on the surface. It’s convenient to carry out such processing with the particles that are 
easily extracted from solution, for example magnetic particles.
Magnetic nanoparticles are found in many biological systems and are widely spread in nature. 
Magnetic nanomaterials are used in pharmacology, ecology, in systems of recording and storing 
information, in magnetic cooling systems, in new permanent magnets, and a great application in 
biomedicine [15, 16] . We can say that biomedicine has become one of the main directions of applied 
research infield of magnetic nanomaterials, particularly iron oxides. Specific diagnostic and therapeutic 
applications appear in the scientific literature for more than 20 years [17, 18].
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Magnetic nanoparticles have also found application in mineral processing, they are used in gravity 
(ferrohydrostaticseparator), thickening (flocculation with polymers), in flotation, they are also used as 
colloidal and polymeric regulators [19]. 
Magnetic properties of nanoparticles are determined by a large number of factors: the type of 
crystal lattice and its defects, chemical composition, size and shape of the particles. Within certain 
limits it is possible to control the magnetic characteristics of materials, changing shape, size, structure 
and composition of nanoparticles.
The main colloid-chemical properties, determining the conditions for the use of magnetic 
nanoparticles for the purpose, is the aggregative stability of the colloidal systems in combination with 
high dispersion of the magnetic phase.
Nanostructured magnetic materials can be obtained through chemical synthesis, which is devoted 
to the consideration of a number of works [20-23]. The most common methods are: 
• electrolesscodepositionfrom precursor solutions;
• sol-gel method, synthesis in reversed micelles; 
• synthesis in the films the Langmuir—Blodgett and adsorbed layers;
• recover metal-containing compounds (for making metal nanoparticles, that can be oxidized in 
a special way, for example, for the preparation of colloidal iron oxide particles solutions); 
• high temperature pyrolysis of organometallic compounds.
Some methods can be directly used to obtain the final nanocomposite (sol-gel process, the method 
of the Langmuir – Blodgett). Usually if other methods are involved, nanosized magnetic particles 
should be stabilized in liquid or solid organic matrix or inorganic materials [24-26].
Chemical methods are most popular in the preparation of magnetic liquidsandhave a wide range 
of materials for various purposes. The magnetic colloids is described in application for sealing in 
mechanism cylinders, as the magnetic colloids are a cooling agent in the composition of friction 
materials to local thermal effect at the pathology place and to weld tissues in the medicine [26]. 
Now the most attention is devoted tonanomaterials based on iron oxides. It is explained the 
versatility of their properties: as a natural metabolite, superparamagnetic magnetite nanoparticles 
have low toxicity [27, 28] and are capable of magnetotaxis in an external field [29], and are used for 
hyperthermia because of the low resistivity [30, 31].
Special interest in nanomaterials are largely due to the practical significance of the research. 
Concerning about nanomaterials is much more compared to other magnetic materials, looking through 
the articles over the past few years.
Thus, there is sufficient experience in the use of magnetic colloids to extract particles of different 
nature in the researches; methods have been developed to control the reaction of colloids with surfaces, 
in order to control functionalization and stabilization. However, the use of these results for colloidal 
noble metal particles, particularly gold particles, requires specification for these processes.
The idea
Method of extraction of colloidal gold from solution involves the use of reagent, which has at 
least two active groups with separated by sufficiently long and flexible bridge. One group provides the 
bonding of the reagent to the colloid, the second – functionalization. It is convenient to use the reduced 
form of thioctic (lipoic) acid as the reagent.
– 508 –
Aleksandra V. Romanenko, Victor I. Bragin… Extraction Colloidal Gold from Solutions
The chemical reduction of thioctic (lipoic) acid can be described by the general formula (1):
The Fig. 1 shows the molecule geometry of the thioctic (lipoic) acid in the crystal. During reduction 
process the connection S1-S2 is broken, resulting two active sulfhydryl groups are formed that can be 
fastened to the gold. 
In this paper, we investigate the possibility of applying dihydrothioctic acid in two ways:
1. Application as a collector of gold;
2. Application for dispersion of colloidal gold.
Fig. 2 shows the dihydrothioctic acid functions.
1. Dihydrothioctic acid is proposed to use as a collector of gold, the proposed essence is as 
follows: it is proposed to use magnetic nanoparticles of iron oxides to extract the metals from solutions; 
the magnetic nanoparticles are functionalized by sulfhydryl active groups dihydrothioctic acid. The 
proposed method is that a magnetic nanoparticle is overlaid with reagent coat (dihydrothioctic acid) 
which is fixed on the particle surface with the active carboxyl group; the other end functionalized 
molecule has a sulfhydryl group that can bond gold. By mixing the colloids adhere to the mineral 
surface that can be separated using magnetic beneficiation methods. In this way it is possible to extract 
not only dissolved gold, but also colloidal.
 
The Fig. 1 shows the molecule geometry of the thioctic (lipoic) acid in the crystal. During 
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The greatest magnetic nanoparticles efficiency is provided by chemical functionalization of the 
surface, which increases sorption activity and affinity to the extracted metal. With such functionalization 
the greatest flexibility is provided with a colloidal particle size. In this case, the magnetic colloidal 
particles can becarriers, if there areions sorption or small molecules; or perform the magnetic function 
of the agent, which is fixed on the surface of large particles, giving them magnetic properties. Metal 
sorption is carried out by small dosages of magnetic colloid, which is then removed by magnetic 
separation. Methods of extraction vary depending on the required magnetic field intensity.
2. Colloidal gold is often contained in ores with dihydrothioctic acid. It is proposed to transform 
it to the dissolved state, and then to extract from a solution with magnetic nanoparticles.
Theinvestigation is devoted to laerning the possibility of applying dihydrothioctic acid as 
dispersing colloidal gold.
Characterization of colloid gold  
in dihydrothioctic acid solution
For the investigation dihydrothioctic acidwas obtained by the following procedure: thioctic acid 
(C8H14O2S2) (12.2 g, 59 mmol) was dissolved in 250 ml 0.25 M NaHCO3 solution and cooled to 0 °C. It 
was added NaBH4 (9.0 g, 238 mmol) and the temperature was maintained below 4 °C under stirring 
for 2 hours. The mixture was acidified using 6 M HCl to pH= 1 and extracted with toluene and then 
filtered.
The possibility of using dihydrothioctic acidfor dispersing colloidal gold was tested on real ore. 
Chemical gold precipitatewas used, as the source of ore. A sample of ore was treated with 4% solution 
dihydrothioctic acid. 
As a result of processing chemical gold precipitate with dihydrothioctic acid, a solution was 
obtained which gives the Tyndale cone (Fig. 3). 
Tyndale effect is light scattering while passing the light beam through an optically inhomogeneous 
medium. It is usually seen as a luminous cone (Tyndale cone), that is visible on a dark background. It 
is indicative for solutions of colloidal systems (for example, metal sols, diluted latex, tobacco smoke), 
where the particles and environment differ in refractive index. The Tyndale effect is base for a number 
of optical methods for the determination of the size, shape and concentration of colloidal particles and 
macromolecules [18].
Fig. 3. Tyndale cone
Fig. 3. Tyndale cone 
 
Available Tyndale cone suggests that dihydrothioctic acid is a reagent that is able to 
transform the colloidal gold in solution.   
The method of photon-correlation spectroscopy (DLS) (Malvern Zetasizer Nano ZS, 
Malvern Instruments Ltd, UK) has established that the solution contains gold particles, 
whichhydrodynamic radius is not more than 350-1000 nm of.  
The solution that is obtained after the treatment of gold with dihydrothioctic acid was 
studied by transmission electron microscopy (Hitachi HT7700, Japan). The preparation was carried 
out as follows: surface of the object stage was processed with a colloidal solution. The treated 
surface was washed with distilled water and dried in vacuum. It was observed precipitate colloids. 
The results are presented in Fig. 4. 
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As can be seen from the photographs, different sizes of Au aggregates are observed in 
the dihydrothioctic acid solution. It is determined that the true sizes of gold nanoparticles are 
5-20 nm. 
A day later a precipitate was formed at the bottom of the test tube, where gold was treated with 
dihydrothioctic acid. The precipitate had been studied on the tabletop electron microscope Hitachi 
TM 3000. Sample preparation was carried out as follows: conductive carbon tape wasdeposited on the 
stage surface, and then it was covered with a thin coat of the test sample.
 
 
Fig. 4.Electron microscopy photographs of gold nanoparticles in dihydrothioctic acid solution 
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The results are presented in Fig. 5-7.
Fig. 5 clearly shows that the precipitate is presented by the large agglomerate, has a fine structure, 
and encapsulates a large number of small particles and aggregates. The basic composition has shown 
Fig.7. Basicchartof the plot 1, Fig. 5
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that the aggregates havegold micronic with organic impurities and decomposition products. The reason 
is oxidation dihydrothioctic to thioctic acid.
Conclusion
The proposed method of colloidal gold extraction from solutions is based on approaches developed 
in the last decade in various fields of nanotechnologies – biomedicine, self-assembly of nanostructures, 
etc. The method involves the use of reagent, which has at least two active groups with separated by 
sufficiently long and flexible bridge. One group provides the bonding of the reagent to the colloid, 
the second – functionalization. It is convenient to use the reduced form of thioctic (lipoic) acid as the 
reagent. 
It is proposed application variants ofdihydrothioctic acid – use as a gold collector and dispersion 
of colloidal gold. 
In terms of chemicalgold sedimenthas demonstrated the possibility of transform of colloidal gold 
to solution after treatment with 4% solution dihydrothioctic acid. 
Further methods development of colloidal gold extraction to the solution will allow to develop 
technological options method, to study the particularity of its application and to obtain practical results: 
reducing of the cost beneficiation, improvement of technological parameters,increasingthe level of 
ecological safety.
The work is accomplished at the expense of the Russian scientific Fund ( No. 15-17-10017).
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